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No. II. 

Experiments relating to the change of Place in different 
kinds of Air through feveral inter pojing Subjiances. By 
Dr. Joseph Priestley. 

|NE of the mod extraordinary circumftances 
that ever occurred in the courfe of my 
experiments is that of the vapour of water, or of mer- 
cury, changing places with any kind of air, in veflels 
through which air could not be made to pafs without 
great force, fo that for moft purpofes they might be 
confidered as air-tight. Of this remarkable fa£t, and of 
all the circumftances that led to the complete afcertain- 
ing of it, I have given an account in my former pub- 
lications. I had alfo obferved that different kinds of 
air capable of forming a chemical union would do it 
through a bladder that was perfectly air-tight, that in 
this manner pure air was imbibed by the blood through 
the membrane of the lungs, while phlogifton was trans- 
mitted into the air within them. Since that time I have 
extended and diverfified the experiments, and have ob- 
ferved that what was done by air and water, will be done 
by any two kinds of air, and whether they have an af- 
finity to one another or not, that this takes place in cir- 
cumftances of which I was not at all apprized before, 
and fuch as experimenters ought to be acquainted with, 
in order to prevent miftakes of conftderable confequence. 
Having procured earthen veflels of a very clofe tex- 
ture, fo as to be apparently impervious to air, contain- 
ing about an ounce meafure, 1 could fill them with 
any particular kind of air, and then place them inverted 
in a large glafs jar containing a different kind of air. I 
then heated the fmall earthen veflels through the glafs jar 
by means of a burning lens, and I never failed to find 
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after the experiment, that the air within the earthen 
veflel was the fame with that which had been on the out- 
iide of it, while that within it was mixed with that on 
the outfide % but in fome cafes the mixture was a che- 
mical one, forming a kind of air different from either of 
them, while at other times they were only diffufed 
through one another. It will be neceflary therefore to 
recite the circumftances as I obferved them, that.future 
experimenters may give more attention to them, and 
endeavour to afcertain the caufe of this difference, which 
I have not been able to do. 

I put one meafure of dephlogifticated air into the 
fmall earthen veflel in a large glafs jar containing in- 
flammable air, and after heating it about half an hour, 
found the quantity of inflammable air confiderably di- 
minilhed, and the air within the earthen veflel wholly 
inflammable, and increafed in quantity one half. 

I repeated the procefs with inflammable air in the 
earthen veflel, and dephlogifticated air in the jar, and 
then found the dephlogifticated air fomething diminifh- 
ed, and the quality of it inferior to what it had been 
before. The air in the earthen veflel was wholly de- 
phlogifticated, hardly diftinguifhable from that in the 
glafs veflel. There was no fixed air in either of them. 

In both thefe cafes the mixture of the two kinds of air 
in the glafs jar was evidently a chemical one, the quan- 
tity being diminifhed ; but the air that had been tranf- 
mitted through the earthen veflel in the contrary direc- 
tion had undergone no change, being the very fame with 
that in the glafs jar. Of the reafon of this difference I 
cannot form any probable conjecture. 

When the two kinds of air were feparated by a blad- 
der, and no heat was applied, I fometimes found that 
the tranfmiflion had been made both ways, without any 
chemical union. 

Having 
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Having filled a tanned bladder with dephlogifticated 
air, and put it into a large jar of inflammable air, I ex- 
amined them about a month afterwards and found in 
each of them a mixture of both the kinds of air, and in 
the fame proportions. They both exploded alike -, and 
with equal quantities of nitrous air occupied the fpace of 
1.6. In the bladder there was flight appearance of fixed 
air, but in the jar none at all. 

Reverfing this experiment, by putting a bladder filled 
with inflammable air into a veflel containing dephlo- 
gifticated air, and letting them remain from the 12th 
of Dec. to the 5th of Feb. I found the dephlogifticated 
air diminished, and of inferior quality. The bladder 
was air-tight, but much fhrunk. There was fixed air 
in them both, but more within the bladder. They both 
exploded with violence, but that in the jar feemingly 
lefs {o than that in the bladder. With equal quantities 
of nitrous air the ftandard of that in the jar was 1.1, and 
that in the bladder 1.3. 

That the fixed air in the refult of this procefs did not 
come from the corruption of the bladder, was evident 
from the following experiment. On the 20th of June 
I put a bladder full of inflammable air into a jar contain- 
ing 90 ounce meafures of dephlogifticated air, and on 
the 23d of the fame month another bladder of inflam- 
mable air into ajar of the fame air, and on the 15th of 
July I examined them both. The 90 ounce meafures 
of dephlogifticated air were reduced to 47, of the ftand- 
ard of 0.6, whereas it had been of 0.16, and the blad- 
der was found. In the other jar the bladder was almoft 
diflblved, and exceedingly offenfive, and there was hardly 
any appearance of fixed air ; whereas in the jar in which 
the bladder was found there was a great quantity. 

The raoft expeditious manner in which I found the 
two kinds of air to change places was. when a quantity 
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of any kind of air was confined in an earthen tube clofed 
at one end, while the open end flood in a bafon of water 
or mercury. After this I expofed the clofed end of the 
tube to a red heat, which 1 contrived to do by means of 
a hole purpofely made in the grate of a fmall furnace. 
In this cafe whatever kind of air was contained in the 
tube before the procefs, it was in a very fhort time of 
the fame quality with that on the outfide, which, being 
in the fire, was fomething worfe than the external air. 
It made no difference alfo whether the tubes were glazed 
or not ; and yet that they were air-tight appeared from 
their containing only a certain portion of air after their 
procefs, as well as before. There was always, however, 
fome change in the quantity, but on what principle this 
change was made I could not fatisfy myfelf. 

Three and an half ounce meafures of inflammable air 
treated in this manner came out two ounce meafures, 
nearly common air, with nothing inflammable in it. 

The fame quantity of nitrous air was reduced to 2-f 
ounce meafures and to the fame ftate. A candle burned 
very well it. The lame quantity of phlogifticated air 
came out 2^-, of the fame quality with the preceding; 
but the dephlogifticated air was increafed to 4 ounce 
meafures, of a ftandard a little better than the reft. 

In the preceding experiments the air was confined by 
water ; but the refult was the fame with thole kinds of 
air that required to be confined by mercury. 

Marine acid air treated in this manner was much in- 
creafed, but came out very nearly common air. Vitriolic 
acid air was neither increafed nor diminifhed, but was 
not to be diftinguifhed from common air after the pro- 
cefs. Alkaline air alfo was unchanged in quantity, but 
in quality it was the fame as the reft. 

In order to repeat my former experiment on the tranf- 
mifllon of fteam in this eafy procefs, 1 filled one of thefe 
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tubes with water j and expofing the top of it to the fire, 
1 found after fome time i\ ounce meafures of air in it, 
of the fame quality with the preceding. 

All the preceding experiments having been made with 
the feveral kinds of air unmixed with any other, I was 
willing to try the effecl: of a mixture of dephlogiftkated 
and inflammable air, fuch as explodes with great violence 
with the flame of a candle or an ele&ric fpark. In thefe 
circum fiances, however, this mixture did not explode 
at all, the quantity was unchanged, and the quality was, 
as before, nearly the fame as that of common air. 

To my great furprife, I found that this mixture of 
dephlogiftkated and inflammable air did not explode in 
a red hot gun barrel, a copper tube, or one of filver; and 
though the heat was applied ever lb fuddenly. When it 
was put into a flint glafs tube, it was alfo heated without 
explofion, but the tube became black, by the calx of 
lead uniting with the inflammable air; but in a tube of 
green glafs, in the compofition of which there is no calx 
of lead, the mixture exploded. Why it mould not ex- 
plode in the earthen vellel, the gun barrel, or the copper 
and filver tube, I am unable to fay ; but it is probably- 
owing to the dephlogifticated air in the mixture uniting 
with the metal, and forming a calx rather than with the 
inflammable air, with which it was mixed. In an experi- 
ment with the copper tube the quantity of the air came 
out twice as much as it was when put in. Mixed with 
an equal quantity of nitrous air, the ftandard was 1.4, 
and it exploded like a mixture of common and inflam- 
mable air. 

To diverfify this courfe of experiments,' I put the dif- 
ferent kinds of air into earthen retorts fufliciently air-tight 
for any common purpofes, and putting the open ends 
into bafons of water, 1 placed the bulbs near to a fire, 
where the heat was about that of boiling water, and noted 
the following refults. 

Fourteen 
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Fourteen and an half ounce meafures of inflammable 
air having been expofed in this manner a good part of a 
day, was reduced to 8£ ounce meafures, nearly in the 
fame ftate with common air, without any thing inflam- 
mable in it. But 10 ounce meafures of inflammable air 
from fpirit of wine was firft increafed to io£, of the 
ftandard of 1.56, then to i2-§-, of 1.37; and it was ftili 
flightly inflammable. 

Seven ounce meafures of dephlogifticated air was in- 
creafed to 12, of the ftandard of 1.9, and it was after- 
wards brought to 1.25 with an equal meafure of nitrous 
air ; fo that it was in all refpects atmofpherical air. 

Ten ounce meafures of phlogifticated air came out 1 1 , 
of the ftandard of 1.8. It was afterwards farther increaf- 
ed, and was finally of the ftandard of 1.38. 

In all the preceding cafes the change was produced 
by means of the fine pores in the earthen vcfiel, but I 
found that in more time the fame change would be made 
through a quantity of water in a glafs retort. For four 
meafures of inflammable air having been expofed to heat 
in this manner, though it was not changed in its dimen- 
fions, was become of the ftandard of 1.5, and exploded 
like a mixture of inflammable and common air. 

Inflammable air kept in glafs jars Handing in water 
does not in general undergo any fenfible change in many 
months, except that it prefently fiturates itfelf with 
water, and thereby becomes heavier than when fiefli 
made. But, to my great furprifc, 1 found that, though 
a glafs veiled was pcrfe&ly air-tight, yet if it had been 
broken, and the pieces had been joined with paint, or 
cement, the air would in time be changed for the ex- 
ternal air. At firft I found that ajar ot this kind of air 
had in it a considerable quantity of common air by the 
manner in which it exploded, and by its being diminish- 
ed by a mixture of nitrous air. But afterwards 1 found 
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the inflammable air which had been kept in a glafs veflel 
of this kind all the winter was of the ftandard of 1.45, 
and had nothing fenfibly inflammable in it. I had many 
refults of the fame kind ; but in a glafs veflfel which was 
only cracked, but was air-tight, the inflammable air was 
not changed ; though when a folution of copper in the 
nitrous acid was put into it, there was an efflorefcence 
from every part of the crack on the outfide, which fhewed 
that it was not in all refpe&s impervious. 
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